We study a complete and distance-limited sample of 25 LINERs, 21 of which have been imaged with the Hubble Space Telescope. In nine objects we detect an unresolved nucleus. In order to study their physical properties, we compare the radio and optical properties of the nuclei of LINERs with those of other samples of local AGNs, namely Seyfert galaxies and low-luminosity radio galaxies (LLRG). Our results show that the LINERs population is not homogeneous, as there are two subclasses: i) the first class is similar to LLRG, as it extends the population of radioloud nuclei to lower luminosities; ii) the second is similar to Seyferts, and extends the properties of radio-quiet nuclei towards the lowest luminosities. The objects are optimally discriminated in the plane formed by the black hole mass vs. (and high accretion rates onto low mass black holes); LLRG are associated with low radiative efficiencies (and low accretion rates onto high black hole masses); all LINERs have low radiative efficiency (and accretion rates), and can be radio-loud or radio quiet depending on their black hole mass.
Introduction
LINERs are particularly important as they are the most common manifestation of nuclear activ-ity in nearby galaxies, and they may represent the "missing link" between AGN and "normal" galaxies. Originally defined as a class by Heckman (1980) , these galaxies have optical spectra dominated by emission lines of moderate intensities and arising from gas in lower ionization states than in classical AGN. Unambiguous LINERs have [NII] 6583/Hα > 0.6 and [OIII]5007/Hβ < 3 (unlike HII regions) or, equivalently, [OIII]/[OII] < 1 (unlike Seyferts). LINERs are detected in about 30% of statistically complete samples of nearby objects (Heckman 1980 , Ho et al. 1997 ), but despite two decades of studies the origin of this activity is still unclear and there is no general consensus on the physical processes at work in these galaxies (see e.g. Filippenko 2003, and references therein) . In particular, the physics of the central engine in these sources is still unknown, as our understanding of LINERs is significantly hampered by the general lack of detection of any nuclear continuum emission in key spectral regions such as the optical.
Recent results have revealed that the majority of LINERs (as well as Seyferts) host a compact radio core with a flat (α < 0.5, α is defined as F ν ∝ ν −α ) radio spectrum of high brightness temperatures, the characteristic signature for the existence of an AGN Nagar et al. , 2001 Nagar et al. , 2002 . If LINERs are powered by an active nucleus, the accretion process in these objects is likely to take place at an extremely low level of activity. Thus, since supermassive black holes in galaxies seem to be ubiquitous, LINERs constitute a perfect laboratory for studying accretion at its lowest rates and to investigate the connection between galaxies in which the central black hole is "active" and those in which it is "quiescent".
The presence of non-thermal radio cores strengthens the link between LINERs and low-luminosity radio galaxies (LLRG), which also have similar optical spectra, and opens the possibility of investigating the nature of the former class following a new approach, building on the results we obtained for LLRG. In Chiaberge et al. (1999) and Capetti et al. (2002) we have studied HST images of LLRG, which show the ubiquitous presence of unresolved optical nuclei in these sources. The most striking result of this study is that the optical and radio flux, as well as the luminosity, correlate linearly over four orders of magnitude and with a very small scatter. This led us to the interpretation that the optical emission is nonthermal synchrotron radiation, in analogy with the origin of the radio core. In this scenario, the optical nuclear luminosity represents a firm upper limit to any thermal emission from an accretion disk. Adopting a typical black hole mass of 10 9 M ⊙ (e.g. Macchetto 1999 and ref. therein) this translates in a fraction < 10 −4 − 10 −7 of the Eddington luminosity. The picture which emerges is that accretion in LLRG occurs at a very low accretion rate and/or with low radiative efficiency, as e.g. in the form of advection dominated accretion flows or similar scenarios (ADAF, ADIOS, CDAF; e.g. Rees et al. 1982 , Narayan & Yi 1995 , Narayan et al. 2000 . Thus, LLRG appear as a substantially different manifestation of the accretion process onto a supermassive black hole than classical AGNs. Some of the key observational questions that will help to constrain the physical framework for LINERs are the radio-optical properties and the determination of the radiative efficiency of the accretion process and/or the accretion rate around the central black hole. We use archival HST observations to address these issues, by comparing their properties with those of the other local unobscured AGN, i.e. Type 1 Seyferts and low luminosity radio galaxies.
In Section 2 we describe the samples of local AGNs and their black hole mass estimates; in section 3 we describe the HST images of LINERs, and we discuss our method for the photometry of the nuclei; in Section 4 we discuss our results and in Section 5 we draw conclusions.
Throughout this paper we adopt a Hubble constant of H 0 = 75 Km s −1 Mpc −1 and q 0 = 0.5.
LINERs in the framework of the local AGN population
In order to investigate the nature of LINERs we compare their properties with those of other samples of nearby AGN, namely Seyferts and low luminosity radio galaxies, that, when added to LINERs, encompass all different manifestations of nuclear activity in the local universe. In the following sections we describe the selected samples and we also gather from the literature radio and optical nuclear fluxes as well as black hole mass estimates, which are discussed in more detail below. ; central velocity dispersions are from the LEDA database; Galactic A V is from NED. References for BH masses (column 8): 0 = estimated through the correlation of Tremaine et al. (2002) ; 1 = Ho (2002) 2 = Sarzi et al. (2002) . Our LINERs sample contains 25 objects drawn from the Palomar survey of nearby galaxies (Table1).
Their catalog contains 486 bright (B T < 12.5) galaxies in the northern sky. Here we consider a complete, distance limited (d < 19 Mpc) subsample of 25 LINERs. Transition sources and galaxies with uncertain classification are excluded from our sample. Radio core data are taken from VLA observations at 2cm (Nagar et al. , 2002 . For the prototypical LINER NGC 1052 we have used observations at 1.4 GHz from Wrobel (1984) . We have assumed α = 0.0 to convert the flux of NGC 1052 to 2cm, in agreement with the typical spectral index of compact radio cores observed by Nagar et al. (2001) . α = 0.0 is also assumed in the following sections to convert the fluxes to 5GHz in order to derive the nuclear radio loudness parameter: a change in the spectral index of α = 0.5 would imply a flux change of less than a factor 2, leaving our results unaffected. We have excluded from our list two objects that are part of the Palomar catalog, namely M 87 and M 84. Although these galaxies are classified as LINERs by Ho et al. (1997a) , they are well known radio galaxies with extended radio jets, and thus they are included in our LLRG sample. Optical observations of the central regions of 21/25 galaxies have been carried out with HST and the data are available in the public archive. Nuclear HST photometry is described in the next Section.
Seyferts
Following Ho & Peng (2001) , we consider a sample of Seyfert 1 which includes objects from the Palomar survey (Ho et al. 1997a) , that are faint and nearby (D med = 20M pc), together with relatively brighter (and slightly more distant) objects from the CfA survey Huchra et al. (1983); Osterbrock & Martel (1993) . As noted by Ho & Peng (2001) , the combined sample itself cannot be considered as complete, but it provides a broader range of nuclear luminosities, thus suitable to represent the Seyfert phenomenon as a whole. We have excluded from the Ho & Peng (2001) sample those classified as Seyfert 1.8 and 1.9, since the estimate of the nuclear flux in these objects may be affected by significant extinction at optical wavelengths. Clearly, for the same reason we do not consider Type 2 Seyferts 2 .
HST/WFPC2 observations are available for the majority (25/32) of the objects. The data analysis and nuclear photometry has been performed by Ho & Peng (2001) by modeling the galaxy brightness profile with multiple components using GALFIT. The radio data are also taken from the list in Ho & Peng (2001) .
Low Luminosity radio galaxies
To represent radio loud local AGN, we consider the complete sample of 33 radio galaxies with Fanaroff-Riley I morphology (FR I, Fanaroff & Riley 1974) , which is characteristic of the large majority of low luminosity radio galaxies (LLRG), taken from the 3CR catalog (Spinrad et al. 1985) . The sample is the same as in Chiaberge et al. (1999) . The data we use in the following are summarized in Table 4 . The objects span a range of redshift 0.0037 < z < 0.29, with a median value of z = 0.03 which, for the cosmological parameters we are using, corresponds to 120 Mpc. From the point of view of their optical spectral properties, FR I have low intensity emission lines and most of them have LINER-like spectra. Another two samples of LLRG (drawn from the B2 and UGC catalogs) with slightly lower average redshift have been studied with the HST Verdoes Kleijn et al. 2002) . However, the 3C sample best describes the properties of the class of radio galaxies because it covers a larger range in radio luminosity and it has the highest detection rate of optical nuclei, an essential ingredient for our analysis. Furthermore, the radio-optical properties of the B2 and UGC sample are in complete agreement with those derived for the 3C.
The histograms of Fig. 1 show the distances to the objects belonging to the three selected samples. Note that the three samples have been selected on the basis of different properties, i.e. radio emission for the FR I, optical magnitude of the host and relative intensity of the emission lines for both the LINERs and Seyferts 1. Therefore, Table 3 The sample of Seyfert 1 28.57 -----Radio (column 2) and optical nuclear luminosity (column 3) are from Ho & Peng (2001) . Reference for black hole masses (column 5): 1=from Ho (2002) , 0 = estimated through the correlation of Tremaine et al. (2002) .
the resulting sample cannot be considered as complete. However, the sources we consider are representative of the properties of AGN in the local universe.
Black hole mass estimates
In Fig. 2 we show the distribution of black hole masses for the three samples. When more direct measurements are not available, the black hole masses are estimated through the correlation with the central velocity dispersion determined by Tremaine et al. (2002) . The velocity dispersions have been obtained from the HyperLEDA database 3 . Of our samples of local AGN, twentytwo LINERs, seventeen Seyferts 1 and eighteen FR I have black hole mass estimates (see Tables 1  and 3 In the histograms of Fig.2 we have plotted as filled areas the sources for which the optical core is detected, to show that the presence of an optical nuclear component is not related to the black hole mass.
HST observations and LINERs nuclear fluxes
In this Section we derive measurements of the optical nuclear flux for our sample of LINERs. Twenty one out of twenty five of the selected LINERs galaxies have been imaged with the HST as part of several different programs and therefore they have been observed with different instruments, filters and exposure times. The summary of the observations for LINERs is in Table2, while we refer to the original papers for Seyferts and radio galaxies.
We perform optical photometry of LINERs nuclei using the same method as for the FR I sample, based on the analysis of the radial brightness profile and described in detail in Chiaberge et al. (1999) (hereafter CCC99). We also checked for consistency against the results obtained using GALFIT (Peng et al. 2002) . The fluxes derived 3 e.g. http://leda.univ-lyon1.fr/ Fig. 1 .-Distances to the objects in the samples of Seyfert 1, LINERs and FR I radio galaxies. Filled areas refer to objects in which an optical core is detected.
with the two methods are consistent to within 1 and 2 σ.
Of the 21 LINERs imaged with the HST, we detect the nucleus in 9 objects, namely NGC 404, NGC 1052, NGC 2681, NGC 3368, NGC 3718, NGC 4143, NGC 4203, NGC 4378 and NGC 4736. For NGC 4111, NGC 4293, and NGC 4438 the estimate of the nuclear optical emission is hampered by the presence of lasrge scale dusty structures along the line of sight to the nucleus.
A few details on the nuclear measurements are worth mentioning. For NGC 3368 the nucleus is not detected in the V band, but it is clearly seen in the UV. We argue that this is due to the higher contrast between the nucleus and the host galaxy stellar emission at UV wavelengths compared with the V band. The upper limit in the optical band (F λ < 9.1 × 10 −17 erg s −1 cm −2Å−1 ) is however in substantial agreement with the observed UV nuclear flux (within less than 1σ). Conversely, NGC 3718 has no detected nucleus in the optical, while this is seen in the IR 1.6 µm NICMOS image. Here the absence of the optical nucleus is most likely due to the presence of an extended nuclear dust lane, clearly seen in the optical images. Redshifts (column 2) are from NED. Reference for black hole masses (column 3): 1=from Ho (2002) , 0 = estimated through the correlation of Tremaine et al. (2002) . 3C 28 has upper limits for both the optical and the radio core, thus we have marked it with the symbol <>. See Chiaberge et al. (1999) for radio cores and optical luminosities from HST images. * In 3C 386 a star is superimposed to the nucleus, thus no optical core flux can be measured (Chiaberge, et al. 2002a) . Since the majority of the objects have been observed with the F702W filter, we have converted the measured flux densities to 7000Å, assuming an optical spectral index α = 1 (F ν ∝ ν −α ). Note that if we leave the spectral index free to vary in the range α = 0 − 2 this translates into a typical uncertainty on the 7000Å flux of < ∼ 30%. Only for the worst cases of NGC 1052 and NGC 4736, which have been observed with the F330W filter, the uncertainty would be still less than a factor of 2. Thus, this does not produce any significant effect in our analysis.
The radio-optical properties of LINERs
As demonstrated by our analysis of radio galaxies samples, the comparison between radio and optical properties of AGNs represents a powerful tool to explore the nature of their nuclei. Here we follow the same approach to investigate the properties of LINERs nuclei, setting a comparison with the other classes of local AGN.
In Fig. 3 we show the histograms of the radio and optical core luminosity (left and right panel, respectively) for the LINER, Seyfert and FR I samples. LINERs' nuclei are substantially fainter than Seyferts and FR Is, both in optical and radio luminosity. More specifically, the median value of the luminosity distribution for LINERs' radio cores is a factor of ∼ 40 and ∼ 3000 fainter than Seyferts and FR I, respectively. In the optical, these differences are slightly smaller and there is more overlap between the different classes: LINERs are on average a factor of ∼ 300 fainter than Seyferts, and only a factor ∼ 6 fainter than FR I.
In Fig. 4 we plot the optical nuclear luminosity against the radio core luminosity for the three samples. As shown in CCC99, the nature of optical and radio cores of FR I nuclei is explained in terms of synchrotron emission from the base of the relativistic jet, and this results in a tight linear correlation between these two quantities. The Seyfert 1 nuclei lie in a different region of the plane: for a similar radio luminosity, they show a significant optical excess (> 2 dex). While a non-thermal synchrotron origin for compact radio emission in Seyferts has been clearly established (Ulvestad et al. 1987; Mundell et al. 2000; Nagar et al. 2000) , the optical excess is most likely thermal. In fact, this behavior is qualitatively similar to that observed in broad line radio galaxies, in which the optical excess is interpreted as a result of thermal emission from a radiatively efficient accretion disk (Chiaberge, et al. 2002a; Chiaberge et al. 2002b) .
The nature of the LINERs' radio cores is considerably more uncertain, compared with e.g. those of radio-galaxies. However, several authors Nagar et al. 2000 Nagar et al. , 2001 have recently shown that, similarly to Seyferts, most of the LINERs' radio emission is in the form of a compact, flat spectrum radio core, the characteristic signature of an AGN. As pointed out in Sect. 3 nine galaxies in our sample also show a central optical component. The location of these objects in the radio-optical plane is less homogeneous than both LLRG and Seyferts. While two of them (NGC 1052 and NGC 4278) lie on the correlation of FR I galaxies, the remaining seven objects with detected optical cores show significant optical excess, similar to Seyferts. Those objects for which only upper limits are available are located along a general extension of the Seyfert locus towards lower luminosities, except for NGC 4636 which lies a factor of 3 above the correlation, at its very low end and for which a strong optical excess can be excluded. In Fig. 4 we have also marked LINERs with different host galaxy type with different symbols. Filled circles are representative of ellipticals, while empty circles represent late type galaxies (Hubble type ≤ 0 or > 0, respectively). Among the detected nuclei, it appears that the two objects that lie on the FR I correlation have elliptical hosts, while either host galaxy type are present in objects with optical excess.
The location of LINERs nuclei in the radiooptical plane might be affected by obscuration in the optical band. This is particularly worrisome for the objects that lie on the FR I correlation, since they might move towards the Seyfert's locus. However, of those three LINERs nuclei, NGC 4636 is undetected in the X-rays (Jones et al. 2002) as it is in the optical, NGC 4278 has N H < 0.035 × 10 22 cm −2 (Terashima & Wilson 2003) , while only NGC 1052 shows significant absorption (N H = 9 × 10 22 cm −2 , partial covering model, Terashima et al. 2002) . However, its nucleus is clearly detected at 3300Å. We have also checked that there is no strong infrared excess in the HST/NICMOS image at 1.6µ, implying that extiction does not play a significant role in the IR-to-optical band. The resulting spectral index is α 1.6−0.3µ ∼ 2, in agreement with the typical values of FR I radio galaxies (Chiaberge et al. 2002b) . As for the FR I and other classes of X-ray obscured AGN, a low optical extinction coupled with a relatively high X-ray column density might be explained by e.g. unusual dust/gas ratios (Granato et al. 1997) or by the properties of the dust grains (Maiolino et al. 2001 ).
The nuclear radio-loudness parameter
A slightly different path can be followed by studying the connection between radio and optical properties considering a nuclear "radio-loudness" parameter, defined as R = F 5GHz /F R , i.e. the ratio between radio and optical nuclear fluxes. Although the presence of a clear dichotomy in the radio-loudness distribution of powerful AGN is still a matter of debate (e.g. White et al. 2000 , Cirasuolo et al. 2003 , Seyfert 1 and LINERs are historically considered as radio-quiet with respect to their global properties. Intriguingly, Ho & Peng (2001) have shown that when the nuclear emission of Seyfert (type 1 through 1.9) is disentangled from the host galaxy stellar component, the majority of their nuclei have R = F 5GHz /F B > 10, i.e. they fall into the standard definition of radio-loud objects (Kellermann et al. 1989) . But how does this compare with the nuclei of standard radio-loud objects? In Fig. 5 we show the histograms of the radio-loudness parameter for Fig. 4 .-Optical nuclear luminosity vs. radio core luminosity for LINERs (circles), Seyferts (squares) and FR I radio galaxies (triangles). The dashed line is the correlation between the two quantities found for 3CR FR I sample. Open circles are LINERs in late-type hosts, filled circles are LINERs in early-type hosts.
Seyferts, LINERs and FR I
4 . The radio-optical correlation found for FR I is linear and it translates into a "radio-loudness" distribution clustered around ∼ 10 4 . The usual value of F 5GHz /F R adopted in the literature as the separation between radio-quiet and radio-loud object does not correspond to any significant distiction between Seyferts and radio galaxies nuclei. Although some Seyfert 1s are indeed above this threshold the median value for Seyferts is more than a factor of ∼ 1000 lower than that measured in FR I, and thus they appear to be fundamentally different from LLRG.
The LINERs span a large range in R. Some of them are similar to Seyferts, while at least three of the objects of the sample have R in the region spanned by bona fide radio loud objects. Thus, when the radio-loudness parameter is considered, LINERs nuclei appear to link the other two populations of local AGN.
The analysis of the different behavior of radioloudness benefits from considering also the black hole mass. In Fig.6 we plot the black hole mass versus the nuclear radio loudness. We stress that, since the three samples have been selected according to completely different criteria and observational properties, it is dangerous to carry out any statistical test on the total sample of local AGN. Thus, no correlation can be derived between these two quantities. Nonetheless, "radio-loud" nuclei appear in galaxies with more massive black holes and separate themselves from the radio-quiet, low black hole mass objects. Taken at face value, from this plot it appears that the nuclei of local AGN are "radio-loud" only if the mass of the black hole is M BH > 10 8 M ⊙ . This is similar to the results obtained by Dunlop et al. (2003) on the distribution of black hole masses in QSO. Their analysis, which is based on the QSO host galaxy luminosity, 4 Note that with our definition of R as R = F 5GHz /F R , our results are slightly different from those obtained by Ho & Peng (2001) . However, since most of the observations have been performed with optical R-band filers (mainly F702W), we prefer to use a reference wavelength as close as possible to the original observation, because of the uncertainty on the spectral indices of the nuclei. Therefore, for the sake of coherence, in our case the usual definition of radio-loud object would translate into F 5GHz /F R > 15.8 (assuming an optical spectral index α = 1). None of our conclusions are affected by this choice of a slightly different spectral band. shows that radio-loud objects are confined to the higher end of the black hole mass distribution for their sample. On the other hand, Woo & Urry (2002) have recently found that the black hole mass does not drive the radio-loudness of powerful high-redshift quasars: in their large sample radio quiet quasars with high black hole masses do exist. However, the picture may change substantially in the nearby universe, as shown by our results.
The separation among LINERs with detected optical nuclei based on "radio-loudness" parameter alone is confirmed and strengthened by our analysis: the three LINERs with large value of R are also associated to the largest black holes. Note however that the position of several LINER's nuclei is partially undetermined in this plane, since eight of them are not detected either in the radio or in the optical, and for three of them neither the optical nor the radio core is detected. However, at least ten LINERs are well constrained in this plane, and for all of these sources, their This analysis suggests that there may be two distinct populations of LINERs. A first group (namely NGC 1052, NGC 4278 and NGC 4636) extends the behavior of FR I radiogalaxies to even lower powers. Note that they all show extended radio emission: NGC 1052 is associated to a compact (2.8 kpc in size) double-lobed radio-source Wrobel (1984) ; NGC 4278 also shows extended radio emission Wrobel & Heeschen (1991) , but on much smaller scales (< 100 pc); NGC 4636 shows an extended (∼ 2kpc) jet-like structure (Stanger & Warwick 1986 ). Their total radio luminosities νL ν at 1.4 GHz are in the range 8 × 10 37 − 5 × 10 38 erg s −1 . As a reference, the radio luminosity of LLRG from the 3C spans the range 10 38 to 10 42 erg s −1 . In the following, we will refer to this sub-class of LINERs as to "radio-loud" LINERs.
The second group of LINERs (which possibly represents the majority of the objects of the complete sample) behave like Seyfert 1 at the lower end of their luminosity function. We will thus refer to them as to "radio-quiet" LINERs. However, the number statistics are not sufficient to test whether there is a continuous transition between the two subclasses, or the population is bi-modal.
Note that the radio-quiet LINERs are associated with a mixed population of host galaxy morphologies, while the three radio-loud LINERs are hosted by early type galaxies. Interestingly, this is also the case for LLRG, which are exclusively hosted by E or S0 galaxies.
The separation between the two classes of LINERs does not appear to be related to their optical spectral features, since faint, relatively broad (FWHM ∼ 2000 km s −1 ) emission lines (Hα) have been detected in the optical spectra of several objects belonging to either flavor of LINERS (Barth et al. 1999; Ho et al. 1997b ).
On the properties of the accretion process
From the estimates of the central black hole masses, we can infer the fraction of the Eddington luminosity at which the nucleus is irradiating. This quantity can then be related to the properties of the accretion process in the different classes. This estimate is uncertain for two main reasons: i) when using the correlation with the central velocity dispersion, the black hole mass estimates are uncertain by a factor of ∼ 3; ii) even more importantly, the optical luminosity represents only a fraction of the bolometric luminosity of the nucleus. The bolometric correction derived for quasars (Elvis et al. 1994 ) (L bol /L R ∼ 15) is probably sufficiently accurate in the case of Seyfert galaxies, as they show a spectral energy distribution quite similar to those of their higher luminosity counterparts (Alonso-Herrero et al. 2003) . Instead, as already pointed out above, the nuclear emission of FR I is best interpreted as nonthermal synchrotron radiation from the base of the jet (CCC99). Therefore, in that case, L o represents an upper limit to the radiation produced by the accretion process. For LINERs the picture is even more uncertain, since the nature of the spectral shape of the nuclear emission is poorly determined. Bearing in mind these considerations, we do not attempt to perform any bolometric correction to the data and we preferred to simply compare optical nuclear luminosities as fraction of the Eddington luminosity. Note that, as it will be clear in the following, our conclusions are not affected by an uncertainty > ∼ 1 dex on the bolometric correction.
In Fig.7 we plot L o /L Edd against L r . Compared with the diagram of Fig. 4 , the sources are more clearly separated, because of the different average black hole mass of different classes of objects. Seyfert nuclei irradiate at a larger fraction of L Edd with respect to both LINERs and FR I. For a standard bolometric correction factor of 15, the average value for Seyfert's L bol /L Edd is in the range expected from a standard optically thick accretion disk. Only two of them, namely NGC 4639 and NGC 3031 (aka M 81), would have L bol /L Edd < 10 −3 . Intriguingly, not only these two sources lie in the region of LINERs in the plane of Fig. 7 , but they are also close to the separation between Seyferts and LINERs in the diagnostic line ratios diagrams (Ho et al. 1997a) . NGC 3031 was indeed considered as a LINER in the original classification of Heckman (1980) . On the other hand, for both LINERs and FR I nuclei a standard accretion disk does not account for the low fraction of the Eddington luminosity observed in the optical. Thus, as already discussed for FR I in CCC99, our analysis of the optical nuclei shows that low radiative efficiency accretion processes are predominant around LINERs' central black holes. This is also in agreement with other independent evidence, such as the low Xray luminosity of their nuclei (e.g. Terashima et al. 2002) .
More importantly, the correlation between the radio and optical core of FR I provides a minimum to the optical flux, represented by the optical counterpart of the non-thermal radio core. Therefore, it is tempting to interpret the "optical excess" observed in the "radio-quiet" subclass of LINERs as optical radiation from the accretion flow, in analogy with the optical excess shown by Seyferts. Thus, in these objects we are probably directly observing optical emission from a radiatively inefficient (ADAF-like) process.
Radio-loudness, black hole mass and properties of accretion
As discussed above, LINERs seem to appear in two flavors: "radio-quiet" and "radio-loud". The two classes are similar to Seyferts and FR I radio galaxies, respectively, but scaled towards lower luminosities. For both classes of LINERs the accretion process is likely to be in the form of a low radiative efficient disk and/or with a low accretion rate. In this section we investigate how the properties of the accretion flow relate to the radioloudness parameter, for the three samples of local AGN.
In Fig. 8 we plot
The sources occupy different regions of the plane, according to their physical properties. We have divided the plane into four quadrants, which are not necessarily indicative of any physical state transition, but only guide the eye to identify the different classes. Nevertheless, the vertical line, corresponding to L r /L o = 2.5 may be interpreted as our new definition for the "threshold" between radio-quiet and radio-loud nuclei. Seyferts are in the top-left part of the diagram, which means relatively high radiative efficiency of the accretion process (and/or high accretion rate), and a low value for the radio-loudness parameter.
At least seven LINERs (namely NGC 404, NGC 2681, NGC 3368, NGC 3718, NGC 4143 and NGC 4203, NGC 4736) lie on the radio-quiet side, and have a low L o /L Edd ( < ∼ 10 −5 ). The properties of these nuclei are independent of the host galaxy morphological type, since both ellipticals and spirals are present in this quadrant. However, we must point out that the majority of "radio-quiet" LINERs have late type hosts. Our result show that "radio-quiet" LINERs represent Seyferts' low-efficiency counterparts. As shown in Fig.6 , these two classes also share the same range of black hole masses. In the large majority of the models proposed to describe the accretion processes, a low radiative efficiency is associated with a low accretion rate onto the central black hole. Thus the most plausible scenario is that the difference between Seyferts and LINERs of the radio-quiet type resides in the accretion rate: for a given mass of the central black hole, a higher accretion rate generates a Seyfert nucleus, while for a low, highly sub-Eddington regime a LINER is observed. Furthermore it is tempting to speculate that the properties of the accretion regime may be reflected in the different ionization states observed in the two classes (low-ionization for LINERs and high ionization for Seyferts). It is worth noticing that a small subsample of LINERs might be powered by non-AGN processes such as nuclear star formation (e.g. Maoz et al. 1998 ). In particular, this might be the case for the nuclei that are not detected in the radio band and for which an optical core is seen (NGC 404 and NGC 3368) . In these objects, the optical point should then be interpreted as an upper limit to the AGN luminosity (i.e. the luminosity of the accretion process). The location of their representative points would then be undetermined in the L r /L o axis (they could be either radio-loud or radio-quiet) and their L o /L Edd would be even lower. Therefore, the scenario is not affected by the presence of a few non-AGN LINERs.
The lower-right region of the plane is occupied by radio-loud nuclei, which are either LINERs or FR I radio galaxies. At least three of the LINERs lie in this quadrant: NGC 1052, NGC 4278 and NGC 4636 (which is constrained to this region by the non detection of its optical nucleus). By analogy with the FR I, we identify the optical emission of these nuclei as the optical counterparts of the radio cores which, as shown by various authors Nagar et al. 2001) , are most plausibly produced by non-thermal synchrotron radiation. As for the FR I, the optical emission thus represents an upper limit to the disk component.
Note that although in Fig. 8 there are many upper or lower limits, almost all of them are in fact meaningful. Even for the three LINER nuclei that are not detected in either the radio and optical bands, which results in a triple-direction limit, this implies an upper limit for the radiative efficiency of the accretion process. Therefore, although we cannot establish their position on the radio-loudness axis, their location on the L/L Edd axis is constrained to be significantly lower than the Seyferts, as observed for all other LINERs of our sample.
Conclusions
We have explored the nature of LINERs analyzing archival HST observations and collecting radio data from the literature. Of the 25 LINERs of our distance limited sample, nine show an unresolved nucleus in the range of wavelengths covered by the HST observations. Four of them are detected in the optical, four in the near-UV and one is detected only in the near-IR. We have compared their radio-optical properties with those of the other unhidden AGN in the local universe, i.e. FR I radio galaxies and Seyferts 1.
The radio-optical correlation found for FR I, which is best explained as the result of a single emission process in the two bands (i.e. nonthermal synchrotron emission from the base of the relativistic jet), provides us with a powerful tool to investigate the origin of the nuclei.
We have shown that in the radio-optical plane of the nuclei there is a clear separation between Seyferts and radio galaxies. For similar radio core luminosity, Seyfert 1 are significantly brighter in the optical than FR I. Therefore, although most Seyferts have R = L 5GHz /L B > 10, radio-quiet and radio-loud AGN appear to be still well differentiated. This implies that the nuclear physical properties of the two classes are significantly different.
LINERs appear to be divided into two subclasses, a Seyfert-like (radio-quiet) group and a radio galaxy-like (radio-loud) group. Although the number statistics are not sufficient to establish whether there are two separate populations or there is a continuous transition between the two, radio-quiet and radio-loud LINERs appear to represent the extension of Seyfert and radio-galaxies towards lower luminosities, respectively. This is also mirrored by their host galaxy type. Note that, in this framework, the "radio-loudness" parameter acquires a physical meaning, and indicates what are the dominant radiation mechanisms in the two bands.
The black hole masses of LINERs span the range M BH /M ⊙ = 10 7 − 10 8.5 . Although we cannot derive any correlation with the radio-loudness of the nucleus, it is apparent that radio galaxies host the more massive black holes, while Seyferts' black holes are significantly less massive. Intriguingly, this separation holds also between the two classes of LINERS: "radio-loud" LINERs have central black hole masses confined to M BH /M ⊙ > 10 8 , while those of "radio quiet" LINERs lie below such value.
We have derived the radiative efficiency of the accretion process around the central black holes in our samples of local AGN. All of them emit only a small fraction of the Eddington luminosity. Although the determination of the bolometric luminosity is uncertain because of the lack of detailed spectral information, the accretion process in LINERs appears to take place on a highly subEddington regime (L o /L Edd < 10 −5 , and can be as low as ∼ 10 −8 ). Such low values are clearly not compatible with the expectations from a standard optically thick and geometrically thin (quasarlike) accretion disk. Thus, low accretion rates and/or low efficiency processes appears to be required in all LINERs. Our results are qualitatively in agreement with Ho (2004) , who made use of the Hα emission line as an indicator of the AGN power for a large sample of Seyferts and LINERs.
The different nature of the various classes of local AGN are best understood when the fraction of the Eddington luminosity they irradiate is plotted against the nuclear radio-loudness parameter. In this diagram, our objects populate three different quadrants, according to their physical properties. We identify Seyferts and radio-quiet LINERs as the high and low accretion rate counterparts, respectively. For low accretion regimes, the nuclei appears to be "radio-loud" only when a more massive black hole (M BH > 10 8 M ⊙ ) is present. We speculate that the fourth quadrant, which appears to be "empty" in the local universe, would contain radio-loud nuclei with high L o /L Edd , readily identified with radio loud quasars.
The scenario we propose needs further investigation, since optical detections of the nuclei are available for a minority of the LINER's sample. Thus, deep imaging with high spatial resolution (achievable only with the Hubble Space Telescope) are crucial. In particular, when suitable observations of a large number of LINERs will be available, it will be possible to address whether the dichotomy persists or some of the low-black hole mass objects with optical upper limits mix with the population of "radio-loud" LINERs. Clearly this would falsify our scenario for the role of the black hole mass in determining the radio-loudness of the nuclei. Deep imaging of a larger complete sample would also address the issue of whether there is continuous transition between the two classes. This is indeed a subject of great interest in the study of high luminosity quasars and for a more complete understanding of the overall subject should be also extended to lower end of the AGN luminosity function.
